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Morphological Correlates of Differences in Pheromone

Sensitivity in Insect Sensilla

Abstract. Scanning electron microscopy and single unit recordings of male
Trichoplusia ni antennae reveal at least twa classes of pheromone-sensitive sensilla
trichodea. The longer sensillum contains two receptor neurons each with small
amounts of spontaneous activity. One neuron responds to large (10-microgram)
doses of (Z)-7-dodecenyl acetate, a component of the female sex pheromone. The
shorter sensillum contains two receptor neurons both with larger amounts of
spontaneous activity and increased sensitivity to low (0.01-microgram) doses of

pheromone.

The functional capabilities of sensory
receptor neurons are ultimately deter-
mined by intrinsic surfaice membrane
properties that account for the neurons’
ability to detect particular environmental
energies and extrinsic properties that
serve to couple the sensory neuron to
appropriate external stimuli. All of the
intrinsic and extrinsic components of an
adult olfactory sensillum arise from a
single mother cell in the larval imaginal
disk (/). We sought to determine in a
single defined class of sensilla if the
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precise cell lineage patterns characteris-
tic of development in olfactory sensilla
might lead to distinctive morphological
markers for differences in physiological
properties.

Separate morphological and electro-
physiological studies in a range of differ-
ent insect species led us to suspect that,
even in a restricted subset of the avail-
able olfactory sensilla, we would en-
counter a variety of differences among
individual sensilla (2). Therefore, to re-
late a sensillum’s particular morphology

with the physiological properties of its
receptor neurons, we examined individ-
ual sensilla electrophysiologically and la-
beled them unambiguously for subse-
quent morphological examination. We
restricted our investigations to the sen-
silla trichodea on the antennae of the
male cabbage looper (Trichoplusia ni,
Hiibner). These olfactory sensilla have
long (15 to 60 wm) cylindrical cuticular
shafts that taper apically from a socket
diameter of approximately 2 um. Each is
innervated by two primary olfactory re-
ceptor neurons whose dendrites fill the
lumen of the shaft and whose axons
project, without synapse, to the deuto-
cerebrum (3). These receptor neurons
are specialized to respond to the phero-
mones produced by the female moth and
are thought to provide the sensory input
that allows the male to detect and locate
the female. Usually the two olfactory
receptor neurons within the sensilla tri-
chodea can be differentiated from each
other by the amplitudes of their action
potentials, with the cell producing the
larger spike designated A and the cell
producing the small spike designated B.
Standard techniques were used to re-
cord extracellular action potentials from
individual neurons (4). Stimulus applica-
tion, action potential discrimination, and
data analysis were accomplished with a
minicomputer (5). Light microscopy
(~ x600) was used to determine both the
sensillum from which recordings were to
be obtained and the exact placement of
the electrodes. After electrophysiologi-
cal responses to a range of stimuli were
acquired, a map of the surface of the
antenna was sketched, and adjacent sen-
silla and scales were removed from the
segment with the microelectrode. This
produced a distinctive surface pattern
that allowed subsequent identification of
the recorded sensillum with scanning
electron microscopy (SEM). Each sen-
sillum characterized physiologically was
easily identified by SEM with the land-
marks created by sensilla removal (6).
In T. ni, pheromone-sensitive sensilla
include at least two classes of sensilla
trichodea that can be differentiated from
each other by the spontaneous activity of
their receptor neurons and the relative
sensitivity of the neurons to pheromone
(Fig. 1a). The first class has relatively
high spontaneous activity (HS) averag-
ing 1.39 impulses per second for the A
neuron and 1.20 for the B neuron. The A
neuron in HS sensilla is reliably excited
by low doses (0.01 ng) of (Z)-7-dodec-
enyl acetate, a behaviorally active pher-
omone component produced by female
T. ni. In contrast, the B neuron is reli-
ably excited by low doses (0.01 pg) of
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(2)-7-dodecenyl alcohol. The secondtons characterized by LS activity aredisk, where the fate and location of adult
class of sensilla has relatively low spon-relatively insensitive tal. ni pheromone structures is fixed. The other structural
taneous activity (LS), averaging 0.12 im-components and are activated by a largevariants that we observed may be impor-
pulse per second for the A and 0.17 fomumber of related compounds. Theirtant in the ultimate physiological proper-
the B neuron. The A cell is unresponsivesensilla are longer, S-shaped, have feweies of a receptor neuron, but their expo-
to (2)-7-dodecenyl acetate and){7-do- pores, and are more uniformly distribut-sition appears to require more detailed
decenyl alcohol even when doses ared across the antennae segment. knowledge of the relationship between
increased 10,000-fold. The B cell, on the These correlations between structure anthe internal and external structure of the
contrary, is reliably excited by doses offunction may be related to the clonalsensillum and its molecular topography.
(2)-7-dodecenyl acetate about 1000 timeslevelopment of the adult sensillum, The existence of different pheromone-
larger than those eliciting comparablewhich results in a high degree of relatedsensitive sensilla, each with its own re-
responses in the A cell of the HS classness between its various cellular composponse properties, spectrum of sensitiv-
In every sensillum so far examinednents. Certain morphological featuresity to pheromones, and morphological
(N > 120), the correlation between thesuch as length or the number, size, andpecializations may complicate interpre-
relative spike amplitudes of the two neu-distribution of cuticular pores are clearly tations of receptor cell activity and neu-
rons, their relative levels of spontaneousnvolved with the access of stimuli to theral coding inferred from electroantenno-
electrical activity, and the dose depen+eceptor neurons. Others, such as thgrams or behavioral respons#8,(11). How-
dence of their responsiveness to pherodistribution of the two classes of sensillaever, we have shown that the phys-
mones has been invariant. on the antennal segment, are likely relatiological classes can be easily distin-
When each electrophysiologically ed to pattern formation in the imaginalguished from each other by differences in
classified sensillum (HS and LS,
N = 47) was examined with high-resolu-
tion SEM (x20,000), a number of mor- Fig. 1. Electrophysio-

phological differences among them wagdogical (a) and mor- ?_s L] L] ] ! 1
observed. These differences includedhological (b) charac- I R L I
pore size, shape, and density; surfackstics oft_phero- -
annl.JIations; deg_ree of taper a}nd c_urv_agqiﬁge'tsrﬁ:nhsc;é\éz SEE' Ufgiﬁc
ture; total length; and the relative distri- a6 T, nj antennae. - - A B
bution of the two classes over the antenga) the left section Z7-12:A0 /v‘ /v
nal segment. For purposes of expositiongepicts typical spon- Control 0.01 ug Ls HS

the difference in total length is mosttaneous activities of
readily apparent. Typical differences inthe receptor neurons in a low spontaneous_
length between HS and LS are shown ifLS) and a high spontaneous (HS) sensillu
Fig. 1b, which details the external mor- "€ control was a 2-second puff of-fiee N

. . through a cartridge loaded with 1 pl of light/ e
phology of the two sensilla from which themineral oil, which was also used to dilutej

recordings in Fig. la were obtained.jygivigual stimuli. The timing of stimulation is
The average HS sensillum is significantlygiven by the bar in each section. The centé
shorter (28.7 + 2.6 pmmean = stan- section illustrates the responses to a cartrid
dard deviation) than the average LS senloaded with 0.01 pg ofZ)-7-dodecenyl ace-
sillum (35.3 = 4.2 um)as can be seen in tate (Z7-12:Ac), a component of the femalg
the sample distribution of Fig. 2. The S€X pheromone. The upper portion of the rig
two classes can be independently evalupanel depicts the response obtained from t

. .LS sensillum after stimulation with 10 pg of
ated because most sensilla are easn%‘tger doses of pheromone because thd

differentiated according to length by change the sensillum's spontaneous activity
standard light microscopy’). and relative sensitivity. Insert at lower right illustrates typical differences in amplitude and
The identification of physiologically waveform for the A and B spikes obtained from the LS and HS sensilla (each trace, 3.0 msec).
distinct groups of receptor neurons in(b) Low magnification SEM of the distal margin of segment 58. The labeled sensilla contained
sensilla trichodea of. ni does not repre- the receptor neurons from which the records in (a) were obtained.
sent an isolated occurrence because sim-
ilar differences have been noted in othegig 2 A graph of the bimodal
species 8, 8. However, our observa- distribution of length for a Ls
tions show that even when only phero-sample of 47 physiologically de-
mone-sensitive olfactory sensilla arefined (HS and LS) phero-3
considered, they too may be subdividednone-sensitive sensilla tricho-§
into several distinct classes, each oflé@ They were obtained on th&
which is distinguished by a particular 41St8! segments (35 to 65) ofg
. . g male T. Ni antennae. The§
pomplnatlon of _morphologlcal and phys_-lengths plotted are underes®
iological properties. Receptor neurons injmates because it was rarely 1
T. ni characterized by HS activity are possible to position a stub so

lla

O\

. . . . . '~ “ 7| 4 4
more sensitive tQ pheromone_ Compo-a? tﬁ ot:jtfaln Ia planeh_sge \f/lew & ; $ $ ‘T’O $ $ $ $ ? ? :Irr ? ?
nents and are activated by relatively fewof the distal one-third of a &§ §3 & % 8 ¢ 3 889 3 ze

of the compounds examine®)( Their sinsillum was usually out of

sensilla are shorter, straighter, havéhe focal plane of the SEM and _ , . .
more cuticular pores, andre preferen- appeared foreshortened. This problem is more severe in the LS sensilla whose tips are normally

. ; . . recurved. These effects tend to increase the amount of apparent overlap between the HS and LS
tially obtained on the distal margins of yistribution. However, a-test for groups with unequal standard deviations was significant
each antennae segment. Receptor neyr=6.586, d.f. = 20P < .001, two-tailed).

Sensillum length (um)
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their external morphology. Therefore,
the existence of different classes of sen-
silla may actually aid in clarifying the
heterogeneous response patterns often
noted in single unit recordings (2—) and
may ultimately further our understand-
ing of olfactory coding in insects and
improve the use of pheromones in the
biorational control of insect pests.
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